Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide. OKL38 is a pregnancyinduced growth inhibitory gene and its expression is lost in various breast cancer cell lines and kidney tumor. To determine the role of OKL38 expression in HCC, we investigated its expression in various HCC samples and liver cancer cell lines. Western blot analysis revealed that OKL38 protein was absent or reduced in 64.2% (18 of 28) of the HCCs examined and four liver cancer cell lines. Immunohistochemistry study demonstrated that OKL38 protein was undetectable in 41.3% (38 of 92) of HCC, whereas 39.1% (36 of 92) of HCC showed low expression of the protein. Lost or reduced expression level of OKL38 protein was significantly correlated to high tumor stages in HCC (P ¼ 0.0042). Overexpression of the OKL38 caused cell death in Chang liver cells. 5 0 Untranslated region (5 0 UTR) deletion studies demonstrated that OKL38 was downregulated via translation suppression associated with the 5 0 UTR of its mRNA. Taken together, the 5 0 UTRs of OKL38 might play an important role in downregulation of its protein and the absence of OKL38 could lead to the development or progression of HCC.
Introduction
Liver cancer is the sixth most common cancer worldwide with an estimate of about 626 000 new cases per year in 2002 (Parkin et al., 2005) . Hepatocellular carcinoma (HCC) accounts for more than 90% of all primary liver cancers and represents approximately 40% of all cancers in South-East Asia, Japan and Africa (Akriviadis et al., 1998) . The majority of these HCC cases is often inoperable (Okuda et al., 1985) and the 5-year survival rate is limited to 25-50% after surgery (Colombo, 1992; Lai et al., 1995; Takenaka et al., 1996) . Long-term survival is uncommon owing to frequent recurrence, metastasis or the development of new primaries (Lai, 1994; Huguet, 2000) and the current adjuvant or palliative treatment modalities are not able to conclusively prolong survival of patients with HCC (Chan et al., 2000) .
Leader sequences of approximately 90% of vertebrate mRNAs are often between 10 and 200 bases long and two-third of these mRNAs are known to encode protooncogenes or factors related to cell proliferation contain atypical 5 0 untranslated regions (5 0 UTRs), which are more than 200 bases long and/or contain more than one start codon (AUG) (Kozak, 1987 (Kozak, , 1991 . These 5 0 UTRs regulate the aberrant expression of growth-related genes such as mouse double minute 2 (MDM2), transforming growth factor-b (TGFb) and B-cell leukemia/lymphoma 2 (Bcl-2), which contribute significantly to cell transformation (Willis, 1999; Dua et al., 2001; Clemens, 2004; Pickering and Willis, 2005) .
OKL38 is a pregnancy-induced growth inhibitory gene that is upregulated during pregnancy and lactation in the mammary gland (Huynh et al., 2001 ). OKL38 mRNA is significantly reduced in breast cancer cell lines, 7,12-dimethylbenz[a] anthracene-induced breast cancer (Huynh et al., 2001 ) and kidney tumors (Ong et al., 2004a) . On the contrary, OKL38 transcripts were reported to be overexpressed in HCC and adjacent benign tissue as compared to healthy normal liver tissue (Riou et al., 2002) . Re-establishing the expression of OKL38 in A498 kidney cancer and Buffalo Rat liver cells led to growth inhibition and cell death (Huynh et al., 2001; Ong et al., 2004a, b) . This cell death effect may be due to induction of cell cycle arrest and apoptosis (Wang et al., 2005) .
In this study, we observed that the loss of OKL38 is correlated to higher stages of HCC tumors and the 5 0 UTRs of OKL38 transcripts is involved in translational suppression of its mRNA. Our data suggest that OKL38 plays a vital role in the growth regulation and differentiation of hepatocytes and its absence in HCC may cause default cell death checkpoints.
Results
The pathologic data were summarized as follows: the HCC samples were randomly selected from both Singapore General Hospital and Binh Dan Hospital before immunohistochemistry. Concomitant liver cirrhosis occurred in 27 (29.3%) of 92 patients, and dysplasia within the cirrhotic liver was diagnosed in 24 (26%) of 92 patients. Sixty-four of 92 patients (70%) had multiple HCC nodules. Satellite formation occurred in 52 (56%) of 92 patients. The overall observed 1-year disease-related survival rate of all patients was 74% (68 of 92). In this study, the median survival of all HCC patients studied and the 5-year survival rate were not calculated.
OKL38 was downregulated or lost in liver tumor and cancer cell lines To determine the levels of OKL38 protein, Western blot analysis was performed on 28 paired liver tumor/ adjacent benign liver (ABL) tissues and four liver cancer cell lines (HepG2, Hep3B, Chang liver and PLC/PRF5) ( Figure 1a ). The major OKL38 isoform of 38 kDa was readily detected in ABL tissues. Loss of OKL38 protein was observed in 42.8% (12 of 28) of the HCCs and in all four liver cancer cell lines examined, whereas low level was detected in 21.4% (six of 28) of the cancerous tissues compared to ABL (Figure 1a) .
Semiquantitative reverse transcriptase-PCR (RT-PCR) analysis revealed that OKL38 mRNA levels were low or undetectable in 37% (seven of 19), overexpressed in 16% (three of 19) and unchanged in 47% (nine of 19) of the HCC samples (Figure 1c-e) . Despite relatively high levels of OKL38 transcripts being observed in four liver cancer cell lines, especially in the HepG2 cells, no OKL38 protein expression was detected (Figure 1c-e) .
To localize OKL38 in HCC, 92 HCCs and their ABL tissues were examined by immunohistochemistry. Intense staining was observed in hepatocytes within cirrhotic nodules and more specifically in the cytoplasm of ABL cells (Figure 2a ). OKL38 was absent in approximately 41.3% (38 of 92) of HCCs examined, whereas low expression of OKL38 (Figure 2b ) was observed in 39.1% (36 of 92) of HCCs compared with ABL tissues (Table 1A) . Absence in OKL38 was also observed in bile duct epithelial cells, blood vessels and fibrovascular stroma within cirrhotic livers (Figure 2b-d) .
Loss or low levels of OKL38 expression was found more frequent in stage 3 and 4 tumors, whereas most of stage 1 and part of stage 2 tumors still retained high levels of the protein (Table 1B (Table 1C) .
Overexpression of OKL38 resulted in cell death
To determine the roles of OKL38 in hepatoma cells, Chang liver cells were transiently transfected with plasmid containing the open-reading frame (ORF) of HuOKL38-1a (52 kDa) or 38 kDa-HuOKL38 (38 kDa) isoform fused to enhanced green fluorescent protein (eGFP) complementary DNA (cDNA) or with eGFPpcDNA3.0 vector as control (Figure 3a) . Similar to our previous study in A489 kidney cancer cells and Buffalo Rat liver cells (Ong et al., 2004a, b) , green aggregates were observed 24 h post-transfection. The HuOKL38-1a-eGFP-and 38 kDa-HuOKL38-eGFP-transfected cells rounded up and cell death was observed as early as 24 h post-transfection (Figure 3a) . After 5 days of culture, virtually no OKL38-eGFP-expressing cells were detected compared to the control eGFP-expressing cells that proliferated. Interestingly, green aggregates were Figure 1 Expression profiles of OKL38 in HCC and adjacent benign tissue -Western blot analysis of OKL38 in paired normal (N)/ tumor (T) liver tissues and HepG2, Hep3B, Chang liver (C Li) and PLC/PRF5 cells is shown (a). OKL38 protein was absent in tumor 3, 6, 7, 8, 10, 12, 17 and 4 liver cancer cell lines. The loading amount was normalized to the level of b-actin (b). variants and the total level of all the transcripts (e) in HCC and its corresponding samples were examined using RT-PCR. Tubulin mRNA was used as internal control (f). Five of the patients selected for full-length sequencing of OKL38 cDNA were indicated in bold.
Loss of OKL38 in HCC CK Ong et al Figure 2 Localization of OKL38 in HCC and adjacent non-neoplastic tissues. Five micrometer sections were subjected to immunohistochemical analysis using rabbit anti-human OKL38 antibody. Strong positive cytoplasmic staining (CS) was observed in adjacent benign hepatocytes and complete negative staining was observed in the tumor (T) tissue (a). Weak and patchy staining in tumor tissue is indicated in (b); the average and strong staining in HCC was indicated in (c) and (d), respectively. Negative staining was observed in bile duct (BD), blood vessels (BV) and fibrostroma (FS). Magnification: Â 400. observed in almost all the cells transfected with 38 kDaHuOKL38-eGFP at 24 h post-transfection as compared to only approximately 10% transfected with HuOKL38-1a-eGFP, suggesting that the N-terminal (102 amino acid) may function in regulating rate of cell death ( Figure 3a) . To exclude the possibility that misfolding of the large recombinant protein causes cell death following HuOKL38-1a-eGFP transfection, a construct containing only HuOKL38-1a ORF was generated and transfected into Chang liver cells as described above. Immunohistochemical staining revealed that Chang liver cells that expressed the 52 kDa HuOKL38-1a isoform rounded up and cell death was observed ( Figure 3d ). The expression of this protein was further confirmed through Western blot analysis (Figure 3e ). Although we were able to establish a transient expression of OKL38 in Chang liver cells, the protein expression was lost after 3 weeks of selection with G418, demonstrating the lethal effect of OKL38 on Chang liver cells (Figure 3e ).
The ORF of OKL38 was intact in the liver cancer cell lines and HCCs
Comparison between the OKL38 protein and transcript expression profile revealed that eight of 19 (42%) of HCC samples and four liver cancer cell lines contained the OKL38 mRNA, but not the protein (Figure 1 ). This observation was in agreement with our previous study in A498 kidney cancer cells (Ong et al., 2004a) . Based on the above observations, we postulated that the discrepancy between mRNA and protein levels could be attributed to (i) mutation within the coding region leading to frame shift or change of amino-acid sequence, which resulted in the loss of protein expression or protein produced but not detected by anti-OKL38 antibody; and (ii) the involvement of the UTRs in translational regulation of OKL38 mRNA.
To examine the first possibility, the HuOKL38-1a cDNA was amplified by RT-PCR and the exons 3-8 from four liver cancer cell lines and five paired of HCC tissues that had non-correlated levels of OKL38 protein and transcripts was sequenced (Figure 1) . Results from sequence analysis revealed that the 52 kDa ORF of OKL38 was intact in all four liver cancer cell lines and in five HCCs and its ABL tissues. Three silence mutations were detected in the ORF: A-G at position 1017 bp in both Hep3B and PLC/PRF5 cells, C-A at position 1245 bp in HepG2 cells and double peaks (C/G) were detected in tumor sample obtained from patient 10 at position 984 bp (i.e. all positions with reference to published HuOKL38-1a variant). In the 3 0 UTR of OKL38 gene, a cytosine was deleted at position 1605 bp in the Chang liver cells, whereas a T-C mutation at position 1801 bp was detected in both PLC/PRF5 and Chang liver cells.
5
0 UTR suppressed the translation of OKL38 mRNAs Based on sequence analysis, mutation did not seem to be responsible for the absence of OKL38 protein in the liver cancer cell lines and HCC samples; we proceeded to investigate the regulation of OKL38 translation by its UTRs. Four OKL38 variants have previously been identified, of which three were cloned (Ong et al., 2004a) . The same ORF that encoded for a 52 kDa protein was found in HuOKL38-1a and -2a variants, whereas the HuOKL38-2b variant translates a larger protein of 61 kDa. These three OKL38 variants differ in the 5 0 UTRs but share the same 3 0 UTR. Using OKL38 protein as a reporter gene, constructs with and without the different UTRs were generated and cloned into the pcDNA3.0 vector (Figure 4a ). The protein expression was determined by in vitro transcription and translation ( Figure 4b ) and verified by Western blotting (Figure 4c ). All the constructs that contained the 5 0 UTRs (i.e. 1aFL, 2aFL, 1a5 0 UTR, 2a5 0 UTR, 2bFL and 2b5 0 UTR) expressed lower levels of OKL38 protein as compared to those without the 5 0 UTRs (i.e. 1a/2aORF, 1a/ 2a3 0 UTR, 2b3 0 UTR and 2bORF). The 5 0 UTRs derived from HuOKL38-2a and -2b variants were shown to possess strong translational suppressing activities, whereas that from the HuOKL38-1a was slightly weaker (Figure 4b and c). Comparing 1aFL with 1a5 0 UTR and 1a/2a3 0 UTR revealed that the 3 0 UTR of OKL38 seemed to possess some translational enhancing activities (Figure 4b and c) .
Similar results were obtained when the same constructs were transfected into Chang liver cells (Figure 4d ). To ensure that the observation was due to suppression of translation rather than different level of transcription, half of the transfected cells were used for RNA extraction and the total OKL38 transcripts were determined using one-step RT-PCR (Figure 4e ). The desired minimum number of cycles for the detection of OKL38 transcripts in the transfected cells without undesirable amplification of the contaminated DNA constructs was 22 (Figure 4g ). Amplification with 22 cycles detected similar level of OKL38 transcripts in all the cells transfected with constructs carrying OKL38 cDNA and no transcripts were detected in cells transfected with control vector (Figure 4e ). This indicated that the difference in the OKL38 protein was due to the presence of its 5 0 UTRs.
Translational efficiency of HuOKL38-1a and -2a mRNA was dependent on the length of its 5 0 UTRs To identify the regions that were involved in translational suppression of OKL38 mRNAs, several deleted 5 0 UTRs of the HuOKL38-1a and -2a variants were constructed and the OKL38 or secreted alkaline phosphatase (SEAP) protein was used as the reporter gene. 5 0 UTRs of different lengths cloned into either the pcDNA3.0 or the pSEAP2-control vector (CV) (Figure 5a ) were transfected into Chang liver cells and Western blot analysis was performed on the protein extracted from these transfected cells (Figure 5b ). These deleted 5 0 UTRs, including two additional fragments (2aD4 and E4), were also cloned into the pSEAP2-CV and transfected into both Chang liver and PLC/PRF5 liver cancer cells to confirm our earlier observations (Figure 5c ).
The deletion of the first 45 bp from the 1a5 0 UTR (1aD1) allowed translational efficiency to recover significantly to more than 60% (P>0.05; Figure 5b ) and 40% (P>0.05; Figure 5c ) in the OKL38 and SEAP reporter systems, respectively. These observations suggested that the region between À156 and À111 nt of the 1a5 0 UTR played a crucial role in translational suppression. Interestingly, a small upstream open-reading frame (uORF) of 10 amino acids with internal translation initiation codon was identified in this region. Further deletion of the 5 0 UTR significantly increased the translation of OKL38 mRNA (P>0.05), suggesting . Western blot analysis with rabbit anti-OKL38 antibodies is shown in (c). The relative levels of translated protein expressed compared to 2aFL and 2bFL, were indicated below (c). Western blot analysis of total protein extracted from Chang liver cells transfected with the above-illustrated constructs (d). Half of the transfected cells in (d) were used for RNA extraction and one-step RT-PCR was performed for the detection of total OKL38 transcripts (e) and tubulin (f) as internal control. To determine the optimum cycles (22 cycles) used for detection of total OKL38 transcripts in the transfected Chang liver cells without undesired amplification of contaminated DNA constructs (g).
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The deletion of the 2a-5 0 UTR up to À34 nt (E4) significantly increased the OKL38 protein translation (P>0.01), which was comparable to the one without 5 0 UTR (Figure 5b and c) , suggesting that the entire 2a-5 0 UTR, from À421 to À34 nt, conferred translational suppression of the OKL38 mRNA. This region corresponded to exon 1 of the OKL38 gene. HuOKL38-2a 5 0 UTR deletion constructs, 2aD2 (À219 nt) and 2aD3 (À128 nt), possessed similar translational efficiency, whereas the construct 2aD4 (À80 nt) exhibited high levels of translation (Figure 5c ). Interestingly, a small uORF was detected within the region from À128 to À80 nt. Another translation initiation site for this same uORF was also observed between À80 nt (2aD4) and À34 nt (E4). Deletion of this region significantly increased the OKL38 protein translation (P>0.01; Figure 5c ), suggesting that the second AUG in the Figure 5 Effect of 5 0 UTRs deletion of the two major OKL38 variants (HuOKL38-1a and -2a) on translation of its protein -the 5 0 UTR-deleted constructs were cloned into two different systems. Schematic diagram showing 5 0 -deletion of the 5 0 UTRs of HuOKL38-1a and -2a variants cloned either in pcDNA3.0 or the pSEAP2 control vector (a). The numbers above the constructs indicate the length of UTRs with reference to the translation start site (AUG as þ 1). Constructs with underline were cloned into pSEAP2-CV, which used the SEAP protein as the reported system. The 5 0 UTR-deleted constructs cloned into pcDNA3.0 were transfected into Chang liver cells and total protein was extracted 24 h post-transfection. Western blot analysis was performed using anti-human OKL38 antibodies (b). The relative level of OKL38 protein as compared to 1aFL (assigned 1.0) was indicated at the bottom. The 5 0 UTR-deleted constructs cloned into pSEAP2-CV were transfected into Chang liver and PLC/PRF5 cells and condition medium was isolated 24 h post-transfection. The activities of SEAP in the condition medium were determined and shown in (c).
uORF also played a very important role in translational suppression.
Discussion
In our present studies, we observed that OKL38 protein is absent or partially lost in high proportion of HCCs as compared to its ABL. The loss of OKL38 protein (38 kDa isoform) is significantly correlated with the tumor stages of the disease, which is in agreement with low level of OKL38 transcripts observed in breast cancer cell lines (Huynh et al., 2001 ) and the loss of OKL38 protein in kidney cancer (Ong et al., 2004a) . Conversely, Riou et al. (2002) have reported the overexpression of OKL38 transcripts in HCC, even though the gene resided in chromosome 16q24, a region prone to loss of heterozygosity. Re-establishing the expression of HuOKL38-1a protein was shown to cause rounding and subsequently cell death of Chang liver cells, which was similar to our previous studies in kidney cancer (Ong et al., 2004a) . Importantly, we have demonstrated that the 38 kDa isoform was more potent in inducing cell death compared to the 52 kDa isoform (Figure 3a) . In agreement, recent work by Wang et al. (2005) demonstrated that this phenomenon was attributed to cell cycle arrest and apoptosis. Taken together, these data revealed that the loss or reduction in OKL38 protein might facilitate the development of cancer as a result of altered equilibrium between cell death and survival.
The discrepancy between the OKL38 transcripts and protein levels observed previously (Ong et al., 2004a) prompted us to investigate the cause of OKL38 protein lost in HCC. However, sequence analysis of the OKL38 mRNA (exons 3-8) in five patients and four liver cancer cell lines revealed an intact ORF, which indicated that the absence of OKL38 protein in high proportion of HCC examined was not attributed by mutations. Interestingly, the 5 0 UTRs of all three OKL38 mRNAs were found to control the translation of the OKL38 protein in both in vitro transcribed and translated and transfected cells (Figure 4 ). This observation indicated that translational control is involved in regulating OKL38 availability.
It has been reported that the presence of uORF and upstream AUG (uAUG) in the 5 0 UTRs, in general, decreased the initiation efficiency of the AUG preceding the main ORF (Harigai et al., 1996; Morris and Geballe, 2000) . Previous studies indicated that uORF found in 5 0 UTRs of the bcl-2 gene played a role in translational suppression (Harigai et al., 1996) . A 10-amino-acid uORF was found in HuOKL38-1a transcript, whereas the 5 0 UTRs of HuOKL38-2a contained two uORF of 21 and 30 amino acids. The same 21-amino-acid uORF was also found in the 5 0 UTR of the HuOKL38-2b transcript. Disruption of these small uORFs resulted in a sudden increase in OKL38 protein (Figure 5 ), supporting the role of these uORFs in the regulation of OKL38 mRNA translation. This induction of OKL38 protein expression through the removal of uORFs suggested that these uORFs and uAUGs contributed to the translational suppression of OKL38 mRNA.
Translational suppression by long structured 5 0 UTR was another possible mechanism that resulted in the absence of OKL38 protein in HCC. The long structured 5 0 UTRs of the HuOKL38-2a and -2b transcripts might contribute to the suppression of the OKL38 mRNAs translation, which was previously reported in BRCA1 (Pickering and Willis, 2005) , MDM2, TGFb and Bcl-2 mRNAs (Willis, 1999) . Conversely, RNA-binding protein such as HuR (Kullmann et al., 2002) and/or other internal initiation trans-acting factors such as hnRNPK, La-autoantigen and polypyrimidine-tract-binding protein might also interact with OKL38 mRNAs and prevent their translation (Meijer and Thomas, 2002) . These proteins could be overexpressed in HCC leading to differential suppression of translation.
The mechanism(s) responsible for the selective detection of the 38 kDa-OKL38 isoform in the ABL tissue but not the 52 or 61 kDa species have yet been discovered. The 38 kDa OKL38 isoforms, which was previously identified via cDNA library screening (Huynh et al., 2001 ), seem to be more potent in inducing cell death as compared to the 52 kDa isoform. The presence of this 38 kDa isoform of OKL38 protein might be a result of internal translation initiation at inframe AUG within the OKL38 mRNAs. It could also be possible that the 38 kDa species was processed from the 52 and 61 kDa isoforms. However, cleavage sites from caspase-1 to -10, enterokinase, granzyme B and thrombin are not found within the full-length OKL38 protein, using ExPASy peptide cutter (Gasteiger et al., 2005) . On the other hand, post-translational processing of fulllength protein by other endogenous peptidases could also be responsible for OKL38 protein isoform observed in the present study.
In summary, we observed that OKL38 protein was reduced or absent in high proportion of primary HCCs. An inverse relationship between the expression levels of OKL38 and tumor grade in HCC suggested that OKL38 might be a useful biomarker for staging of HCC. The introduction of OKL38 cDNA into Chang liver cells resulted in cell death, indicating that OKL38 played a vital role in the survival of liver cancer cells and its loss might permit the cancer cells to escape the normal cell death mechanisms leading the uncontrolled growth. Induction of OKL38 translation might serve as an alternative for adjuvant therapy in combating HCC.
Materials and methods

Reagents
Horseradish peroxidase-conjugated secondary antibodies were from Pierce (Rockford, IL, USA). Chemiluminescent detection system was supplied from Amersham, Pharmacia Biotech (Arlington Heights, IL, USA). Tissue culture dishes were purchased from Nunc Inc. (Naperville, IL, USA). High glucose Dulbecco's modified Eagle's medium (Hi-Glu-DMEM), fetal bovine serum (FBS), Lipofectamine 2000 reagent and penicillin-streptomycin (PS) were from Invitrogen (Carlsbad, CA, USA). All primers used in this study were described in Supplementary Table S1 .
Antibody
Rabbit anti-human OKL38 antibodies were raised against amino-acid peptides: CAVEWGTPDGSSCGAG-Amide (amino-acid positions 200-214) as described previously (Ong et al., 2004a) , whereas the mouse anti-GFP antibodies were from Roche (Mannheim, Germany).
Western blot analysis
Tissue or cell lysate was subjected to Western blot analysis as described (Huynh et al., 2002) . The blots were then visualized with a chemiluminescent detection system as described previously (Huynh et al., 2002) .
Immunohistochemical analysis and assessment
Five micrometer sections were stained with rabbit anti-human OKL38 antibody as described previously (Ong et al., 2004a) . Sections known to stain positively and negatively for OKL38 were included in each batch. The slides were examined and pictures taken using the Olympus BX60.
Tumor sections were considered negative if staining was absent or present in less than 5% of tumor cells. The signal was scored using the formula IS ¼ (i þ 1)PI as described (Claudio et al., 2002) , where i is the intensity of staining varying between 1 þ and 5 þ , and PI is the % of positive cells. At least 20 highpower fields were chosen randomly, and 2000 cells were counted. Weak, average and strong staining of OKL38 expression in carcinoma cells was considered when the IS were in between 20 to 100, 104 to 240 and 244 to 400, respectively.
Semi-quantitative RT-PCR of OKL38 variants
The abundance of HuOKL38-1a, -2a, -2b and -2c mRNAs was determined by one-step RT-PCR as described previously (Ong et al., 2004a) , with some modification: 36 PCR cycles with annealing temperature of 601C were used. To detect the total OKL38 transcripts, 29 cycles with an annealing temperature of 601C and a pair of primers, E7TF and E8TR, which were designed in exons 7 and 8, respectively, were used in one-step RT-PCR. To prevent the undesired amplification of DNA constructs present in the RNA extracted from transfected cells, optimal cycles were determined. Combination of RNA extracted from cells transfected with 1a/2aORF and 2bORF constructs was used as the template for optimization. For negative control, the reverse transcriptase activity was removed (Figure 4g ) by heating at 951C for 15 min and cooled down before adding to the RT-PCR reaction.
Screening for mutation in OKL38 gene The OKL38 cDNA consisting of exons 3-8 was amplified from total RNA of HCC and ABL (5, 6, 8, 10 and 17) , HepG2, Hep3B, Chang liver and PLC/PRF5 cells. Exons 3-7 were amplified using forward primer, 1F, and reverse primer, E81R, which reside in exons 3 and 8, respectively. Exon 8 was amplified using forward primer, E7TF, and reverse primer, 1R, which reside in exons 7 and 8, respectively. The amplified DNA fragments were sequenced using internal primers, E82R, E81F and E61R and the four PCR primers with automated sequencing via dideoxy chain termination, using the BigDye version 3.0 (Applied Biosystems, Foster City, CA, USA).
Generation of 5
0 -and 3 0 UTR of HuOKL38-1a, -2a and -2b pcDNA3.0 constructs To determine the regulatory functions of 5 0 -and 3 0 UTR of OKL38 variants, constructs of the three variants with or without UTRs were generated and cloned into the mammalian expression vector pcDNA3.0. The intact OKL38 ORF was used as the reporter gene for expression study. The full-length of HuOKL38-1a, -2a and -2b cDNAs was cloned into pcDNA3.0 vector as described previously (Ong et al., 2004a) . To generate the 1a and 2a 5 0 UTR constructs, forward primer 1F and 2F, and a common reverse primer ORF-R, were used for PCR amplification with the 1aFL and 2aFL constructs as template, respectively (Figure 4a ). 1a/2a 3 0 UTR and ORF constructs were amplified using a common forward primer, 1aORF-F, and the reverse primers, 1R and ORF-R, respectively. In these instances, the 1aFL construct was used as the template (Figure 4a) . Similarly, the 2b5 0 UTR construct was amplified using forward primer, 2F, and the reverse primer, ORF-R. The 2b3 0 UTR and ORF constructs were amplified using the common forward primer, 2bORF-F, and the reverse primers, 1R and ORF-R, respectively (Figure 4a ). The latter three fragments were amplified using the 2bFL construct as template. The amplified products were cloned into pCR-Blunt-II-TOPO vector (Invitrogen, Carlsbad, CA, USA) and sequenced. Clones with the correct sequence were subcloned into pcDNA3.0 vector at the HindIII and EcoRI restriction site and sequenced again.
Generation of HuOKL38-1a and -2a 5
0 UTRs-deleted pcDNA3.0 and pSEAP2-CV constructs To determine the regulatory region that was involved in the regulation of OKL38 mRNA translation, HuOKL38-1a and -2a 5
0 UTRs-deleted constructs were generated (Figure 5a ). The level of protein expression was determined by Western blot analysis for those constructs carrying the intact OKL38 ORF as reporter gene, whereas the SEAP detection system was used for those constructs carrying the SEAP ORF. The 1aD1, 1aD2, 2aD1, 2aD2 and 2aD3 pcDNA3.0 constructs were generated via PCR using the respective forward primers and the common reverse primer, ORF-R. The same constructs carrying SEAP as the reporter gene, including 2aD4, were cloned by similar strategy using the common reverse primer, UTR-R instead of the ORF-R. The E4 SEAP-CV construct was generated by annealing two long primers, E4-F and E4-R, and subsequently cloned into the pSEAP-CV. The levels of SEAP secreted into cell culture medium were detected using the Great EscAPe SEAP Detection Kit as described by the manufacturer (Clontech, Palo Alto, CA, USA).
Cell culture and transfection HepG2, Hep3B, Chang liver and PLC/PRF5 cells were obtained from American Type Culture Collection (Manassas, VA, USA). They were grown in Hi-Glu-DMEM supplemented with 10% FBS and 1% PS. Cells were harvested for protein and RNA extraction when they reached 80-90% confluence.
Chang liver cells were seeded at a density of 2.5 Â 10 5 cells/ 100 mm culture dish that contained sterile coverslips. Cells were transfected with 10 mg of eGFP-, HuOKL38-1a-eGFP-, 38 kDa-HuOKL38-pcDNA3.0 or pcDNA3.0 control plasmid DNA with Lipofectamine 2000 reagent following the manufacturer's recommendations. Twenty-four and 48 h posttransfection, cells were harvested and assayed for OKL38 expression either by Western blot analysis or observed using microscope (Olympus) equipped with epifluorescence optics and appropriate filters for fluorescein isothiocyanate as described previously (Ong et al., 2004a) . For confocal imaging, the transfected cells were fixed with 3.7% formaldehyde solution for 10 min, permeabilized with 0.2% Triton X-100 for 5 min and stained with 0.5 mg/ml of 4 0 ,6 0 -diamidino-2-phenylindole (DAPI) solution for 5 min. The cells were washed three times with phosphate-buffered saline after each step. Confocal images were taken with the LSM 510 (Carl Zeiss, GmbH, Germany) fitted with argon and two-photon lasers. To determine the regulation of 5 0 UTRs, 2.5 Â 10 5 Chang liver cells were transfected with 1 pmol of plasmid DNA constructs and Lipofectamine 2000 reagent as described above. Cells were harvested 24 h post-transfection and divided into two portions for protein and RNA extraction.
Patients and tissue samples
Prior written informed consent was obtained from all patients and the study received ethics board approval at the National Cancer Centre of Singapore (NCC), the Singapore General Hospital (SGH) as well as the Binh Dan Hospital (BDH), Ho Chi Minh City, Vietnam. HCC and ABL samples were obtained during liver resection for HCC in 92 patients at SGH and BDH. Twenty-eight of 92 and 64 of 92 samples had single and two tumors, respectively. The samples were fixed in 10% formalin and paraffin embedded. Twenty-eight tumors and its adjacent liver tissues were snap frozen in liquid nitrogen and stored at À801C until analysis.
Staging of tumors was performed using the Tomor Node Metasis system (Spiessl et al., 1992) . In addition, every tumor was examined macroscopically and microscopically for the presence of capsule formation, satellite, multiplicity and necrosis. Dysplasia and cirrhosis in the surrounding liver tissue were noted.
Statistical analysis w
2 test was used to test the relationship between sex and OKL-38 expression and between age and OKL-38 expression in the tumors. Non-parametric trend analysis was used to investigate the correlation between tumor stage and OKL-38 expression in tumors. Log-rank test was used for assessing the equality of survivor functions. All these analyses were performed by means of STATA (StataCorp., 2001, STATA Statistical Software: Release 7.0, Stata Corporation, College Station, TX, USA). Survival time of those with HCC was calculated from the date of surgery to date of death. The Kaplan-Meier method was used to estimate survival curves (Altman et al., 2000) . The log-rank test with 1 df was used to test between OKL38-positive and -negative staining groups and the hazard ratio and corresponding 95% confident interval calculated. The significant difference in translation efficiency was determined using the Student's unpaired t-test. For all statistical analysis, significance was established at Po0.05.
